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Humidity 

TABLE 2.-Tabulated data of sounding-balloon observations-Con. 
ST. LOUIS, M0.-Continued 

Launched 8:Oi a.m. Jan. 7, 1930 (75th mer.)-Continued 

Wind 

TABLE 2.-Tabulated data of sounding-balloon obaai?iaiions--Con. 

VICKSBURG, MISS.-Continued 

(Launched 758 a.m., Jan. 7. 1930, 75th mer.)-Continued 
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TEMPERATURE 
By ROBERT E. HORTON and H. R. LEACH 

[Consulting Engineers, Voorheesville, N.Y ., Apr. 19,19341 

(.411 temperatures in this paper are in Fahrenhelt degrees) 

On the polar ice shields, on glacier surfaces generally, 
and above the snow line in mountains, water losses, 
other than evaporation from. snow or ice surfaces, are 
in general either nil or negligible. Available data on 
evaporation from snow indicate that it follows the 
same laws as evaporation from water surfaces if the 
difference in maximum vapor pressure over ice surfaces 
is taken into account. The conditions governing evapo- 
ration from broad snow surfaces differ from those for 
water or ground surfaces because the temperature of 
the latter follows the air temperature closely, with a 
difference commonly limited to a few degrees and depend- 
ent on latitude and elevation. The temperature of a 
snov or ice surface cannot rise gbove 32' F. Tbe 

tempemture of the evaporating surface governs the 
rate of vapor emission. As a result daytime evaporation 
from snow may be much less than would take place 
from an unfrozen surfac.e a t  the same air temperature. 

In studying evaporation losses for high latit,udes and 
elevations it becomes important to determine the mean 
snow surface temperature. There are few data avail- 
able on this point. Some of those available have been 
baken by exposing thermometers directly on the snow 
surface. The cold winter of 1934 a t  our place, Voor- 
heesville, N.Y., afforded us a favorable opportunity for 
determining snow-surface temperatures. For this pur- 
pose maximum and minimum thermometers were exposed 
where the snow received full insulation, the entire tber- 
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mometer behg covered wit,h not over one-half inch of 
snow. Standard Weather Bureau maximum and niini- 
mum thermometers were used. It was thought necessary 
to cover the thermometers to a slight depth because t,hese 
instruments absorb and radiate heat more readily than 
the snow surface. In  order to compare the results so 
obtained with those obtained elsewhere from thermome- 
ters exposed directly on the snow surface, additional in- 

tions were taken a t  hourly intervals during one entire 
day, using a standard Green test thermometer cali- 
brated to >io, readings being taken a t  hourly intervals. 
With this extremely sensitive thin-bulb thermometer the 
snow-surface temperature could be obtained quickly and 
accurately by laying the thermometer in the surface snow 
with the bulb barely c.overed. These observations are 
shown on figure 2. 

March I934 April I934 
FlGURE 1.-Maximum and minimum air and snow temperatures at Horton Hydrologic Laboratory, Voorheasville, N.Y. 

st,ruments, exposed in the latter manner, were also used. 
The results of the observations taken with the two sets of 
instruments are shown on figure 1. 

It will be noted that the maximum temperatures shown 
by the covered thermometer were always precisely 32 ' 
when the maximum air temperature, taken in the instru- 
ment shelter, was above 32'. The masimum tempera- 
tures shown by the thermometer exposed on the snow 
surface on the same days was always above-sometimes 
several degrees above-32'. In  order to determine 
which of these series of observations most nearly repre- 
sents the true surface temperature, additional Qbserva- 

At the start, the air in the instrument shelter was 
30.5') rising later above 32'. The air in the open was 
above 32'. The snow-surface temperature st,arted a t  
32' and rose to a maximum of 32.7'. The snow was 
light and newly fallen and about 90 percent of the volume 
consisted of air. Under these conditions the temperature 
near the surface of the air-snow mass can apparently 
rise a fraction of a degree above 32'. As far as the 
authors are aware this is the first time this phenomenon 
has been recorded. 

Referring to figure 1 it will be noted that the minimum 
temperatures taken witb 8 thermometer laid on the 
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snow surface are in general a few degrees below the 
minimum air tempemtures in the instrument shelter. 
Minimum temperatures taken with a covered thermom- 
eter are usually higher but also slightly below the air 
temperature in the instrument shelter. Data for the 
whole period December 15, 1933, to April 9, 1934, are 
not shown on the diagram. 

When the air temperature is below 32' the temperature 
of the air in the shade and that of a snow surface are not 
necessarily equal-in fact, differences are to be expected: 
(1) When the sun is shining, because the snow surface and 
the air above the snow are then exposed to direct insola- 
tion, whereas the air in the shelter is not; (2) a t  night the 
snow surface is exposed to direct radiation but if the air 
temperature is well below 32', the surface of a deep layer 
of snow may apparently be considerably heated by con- 
duc.tion from below. The temperature within a deep 
snow lager with steady air conditions is generally dose to 
32' at  the ground surface. Snow-temperature gradients 
taken by the senior author showed a t  times a temperature 
increase from the surface downward as great as 10' F. per 
foot depth.l Such a temperature gradient is conducive to 
a,n upward flow of heat tending to warm the snow surface. 

#.@-- 

shelter 

face, 22.1'. For the 109 days of observations when the 
minimum air temperature did not exceed 32', its average 
value was 8.7' and the average minimum temperature of 
the snow %-inch below surface on the same days was 
13.3'. Taken as a whole, the data indicate that snow 
surface temperatures when the air temperature is below 
32' are, on the average, 3' to 4' higher than the air tem- 
perature. The observations were taken at latitude 
42'40' N., longitude 73'55' W., and 300 feet above sea 
level. I t  is probable that the difference between air 
temperature and snow-surface t'emperature is a function 
of latitude and elevation, as has been found to be the case 
for difference between water and air temperatures. 

As snow temperatures generally increase downward 
when the air temperature is below 32') the covering of the 
snow theremometer to a depth not exceeding +&inch 
would apparently tend to give somewhat too lllgh mini- 
mum temperatures. Observations of snow temperature 
gradients cited above indicate that the observed mini- 
mum snow temperatures are not likely to be as much as 
>io F. too high on this account. 

The normal diurnal air temperature curve in fair 
weather is a combination of a sine curve and a radiation 

The effects described would tend to make the snow-surface 
maximum temperature and the snow-surface minimum 
temperature both greater than the air-maximum and 
minimum temperatures. 

The observations indicate that snow temperatures 
taken with thermometers exposed on the snow surface 
give too high ma-ximum and too low minimum tempera- 
tures. The snow-surface temperature is 32' when the air 
temperature is higher and a thermometer covered with 
not to exceed half an inch of snow gives a sensibly accu- 
rate measure of the maximum snow-surface temperature. 

For the period of 15 days when observations w-ere taken 
both with thermometers on the snow surface and at  %-inch 
depth, the average mininium temperature a t  >$-inch depth 
in snow was 21.4' and the average minimum temperature 
in the instrument shelter was the same. The average 
minimum temperature shown by the thermometer ex- 
posed on the snow surface for the same days was 20.5' or 
nearly 1' lower. For the entire period covered by the 
observations, taking first the maximum temperatures on 
the 57 days when the air temperature did not exceed 32', 
the average maxjmum air temperature was 18.7' and the 
average ma-simum snow temperature %-inch below sur- 

1 Horton, Robert E. The melting of snow; MONTHLY WPATHEB RSVIEW, Deomber 
1915, v. 43, pp. 5 W p 5 ,  

or exhaustion curve. The diurnal temperature graph 
may be approximately represented by a triangle with the 
apex a t  the maximum and the base connecting 2 
minima. The fraction of the day, if any, during which 
the air temperature is 32', is nearly proportional to the 
ratio of the difference between the maximum and 32' to 
the difference between the maximum and minmuim tem- 
peratufe. On this basis an approximate formula for de- 
termimng the mean-snow-surface. temperature on days 
when the maximum thermometer IS above and the mini- 
mum below 32' can readily be obtained from geometrical 
considerations, as follows: 

in which e, is the maximum, Or the mininium, and 8, the 
mean daily snow-surface temperatye, A is the difference 
between the air and snow-surface mmmium temperatures. 
From the preceding experiments, allowing for the effect 
of %-inch submergence of the thermometer, the value of 
A is apparently $4'. For eo =44O F., Or =24' F., the mean 
snow-surface temperature would be 31.2' F., or slightly 
below freezing, although the mean-air temperature for 
the day was 34' F. It is hoped that values of A a t  other 
locations will be obtained and published, 


